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TTTT.H OF THK TNVHNTIQN 
FIBRINOGEN RECEPTOR ANTAGONISTS 

FTRI .D OF THF INVENTION 

This invention relates to the discovery of fibrinogen receptor 
antagonists of Formula I for use in inhibiting the binding of fibrinogen to 
blood platelets and inhibiting the aggregation of blood platelets when 
administered to mammals, preferably humans. 

R ACKGROUNP OF THF. INVENTION 

The interaction of platelets with the coagulation and 
fibrinolytic systems in the maintenance of hemostasis may become 
pathogenic, requiring prevention and treatment. The fibrinogen receptor 
antagonists of Formula I are useful in treating various diseases related to 
platelet aggregation and fibrin formation. 

An interest in platelet inhibitors has reemerged as a result of 
a better understanding of the role of platelets and thrombosis in the 
pathogenesis of vascular disease, including unstable angina, acute 
myocardial infarction and stroke. 

Platelets are cell-like anucleated fragments, found in the 
blood of all mammals which participate in blood coagulation. Fibrinogen 
is a glycoprotein present as a normal component of blood plasma. 
Fibrinogen participates in platelet aggregation and fibrin formation in the 
blood clotting mechanism. Platelets are deposited at sites of vascular 
injury where multiple physiological agonists act to initiate platelet 
aggregation culminating in the formation of a platelet plug to minimize 
blood loss. If the platelet plug occurs in the lumen of a blood vessel, 
normal blood flow is impaired. 

Platelet membrane receptors are essential in the process of 
platelet adhesion and aggregation. Interaction of fibrinogen with a 
receptor on the platelet membrane complex nb/EQa is knovra to be 
essential for normal platelet function. 

Zimmerman stal., U.S. Patent No. 4,683,291. describes 
peptides having utility in the study of fibrinogen-platelet, platelet-platelet. 
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and cell-cell interactions. The peptides are described as having utility 
where it is desirable to retard or prevent formation of a thrombus or clot 
in the blood. The general formula for the peptides includes an Arg-Gly- 
Asp sequence. 

^ Tjoeng et al-, EP 352,249, describe platelet aggregation 

inhibitors which antagonize interactions between fibrinogen and/or 
extracellular matrix proteins and the platelet gpIIb/IIIa receptor, 
including 8-guanido-octanoyl-Asp-2-(4-methoxyphenyl)ethyl amide. 

Alig sial.. EP 372,486, describe N-aryl beta-amino acids 

^ ° which inhibit fibrinogen, fibronectin and von Willebrand factor to the 
blood platelet fibrinogen receptor (glycoprotein Hb/ffla). 

Alig stfll., EP 381,033, describe di-aryl or heteroaryl 
substituted alkanoic acid derivatives of a defined formula which inhibit 
binding of proteins to their specific receptors on cell surfaces, including 
fibrinogen. 

Alig al., EP 384,362, describe glycine peptides of a 
specified formula containing an amidine group which inhibit binding of 
fibrinogen to platelet fibrinogen receptors. 

Horwell etal., EP 405,537, describe N-substituted 
cycloalkyl and polycycloalkyl alpha-substituted Trp-Phe- and 
phenethylamine derivatives which are useful for treating obesity, 
hypersecretion of gastric acid in the gut, gastrin-dependent tumors, or as 
antipsychotics. 

It is an object of the present invention to provide fibrinogen 
receptor antagonists for use in inhibiting the binding of fibrinogen to 
blood platelets and inhibiting the aggregation of blood platelets. Another 
aspect of the present invention is to provide novel fibrinogen receptor 
antagonist compounds. Other objects of the present invention are to 
provide methods of inhibiting the binding of fibrinogen to blood platelets 
and inhibiting the aggregation of blood platelets, through the 
administration of novel fibrinogen receptor antagonist compounds. The 
above and other objects are accomplished by the present invention in the 
manner described below. 
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ST IMM AR Y OF THE ITWENTION 

The present invention provides fibrinogen receptor 
antagonist compounds of the formula: 



10 



15 wherein G is 



20 




for use in inhibiting the binding of fibrinogen to blood platelets and for 
25 inhibiting the aggregation of blood platelets. The above-mentioned 

compounds can be used in a method of acting upon a fibrinogen receptor 
which comprises administering a therapeutically effective but non-toxic 
amount of such compound to a mammal, preferably a human. A 
pharmaceutical composition comprising a pharmaceutically acceptable 
3 0 carrier and, dispersed therein, an effective but non-toxic amount of such 
compound is another feature of this invention. 
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DFTATLED DF-SCRTPTION OF THH TNVENTION 

Fibrinogen receptor antagonist compounds of Formula I are 
useful in a method of inhibiting the binding of fibrinogen to blood 
platelets and for inhibiting the aggregation of blood platelets. Fibrinogen 
receptor antagonists of this invention are illustrated by compounds 
having the formula: 



10 
15 

wherein G is 

20 




25 

A, B, C and D independently represent a carbon atom or a nitrogen atom; 
Xis 

30 NR2 nr3 NR2 

II 11 II 
-NR^R2 -NR^CR\ -CNHR^ -NR^CNR3R^ 

or a 4- to 10- membered mono- or polycycUc aromatic or 
nonaromatic ring system containing 0, 1 , 2, 3 or 4 



wo 94/22825 



FCTAJS94/03400 



-5- 

heteroatoms selected from N, O and S and either 
unsubstituted or substituted with Rl , R2, R3 or R4, wherein 
Rl , R2, R3 and R4 are independently selected from the 
group consisting of hydrogen, 
Ci-lOalkyl, 
aryl Co-8 alkyl, 

0X0, 

thio, 

amino CO-8 alkyl, Ci-S acylamino CO-8 alkyl, 
Cl.6 alkylamino CO-8 alkyl, 
Cl.6 dialkylamino CO-8 alkyl. 
Cm alkoxy Co.6 alkyl, 

carboxy CO-6 alkyl, C1.3 alkoxycaibonyl Co-6 alkyl, 
carboxy CO-6 alkyloxy, 
hydroxy CO-6 alkyl, and 

fused or nonfiised heteroaryl CO-8 alkyl, wherein the 
heteroaryl group contains 1, 2, 3 or 4 heteroatoms N, 0, or 
S; 

Y is Co-8 alkyl, 

C0.8 alkyl-NR3-CO-C0-8 alkyl, 
CO-8 alkyl-CONR3-C0-8 alkyl, 
Co-S alkyl-O-CO-8 alkyl, 
CO-8 alkyl-S(On)-C0-8 alkyl, or 
CO-8 alkyl-SO2-NR3.C0-8 alkyl-, 
Co-8 alkyl-NR3.S02-Co-8 alkyl-, or 
Ci-8 alkyl-CO-Co.8 alkyl; 



30 
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Zis 



5 



10 R5 is 



15 



R6 is 

20 
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-(CHgU- . -C5C-CH2- or 

-C=C(CH2W 

I I 
H H 

wherein m is 0-6; 



hydrogen, 
Cl-6alkyl, 

CO-6 alkylcarboxy CO-6 alkyl, 
Co-6 alkyloxy CO-6 alkyl. 
hydroxy Co-6 alkyl, 
aryl Co^ alkyl, or 
halogen; 



hydrogen, 

Ci-g alkyl, 

aryl CO-6 alkyl, 

C3-8 cycloalkyl CO-6 alkyl, 

Co-6 alkylcarboxy CO-6 alkyl, carboxy CO-6 alkyl, 

Cl.4 alkyloxy CO-6 alkyl, or 

hydroxy CO-6 alkyl, provided that 

any of which groups may be substituted or 

unsubstituted independently with Rl or R2, and provided 

that, when two R6 groups are attached to the same carbon, 

they may be the same or different; 
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R7 is 

hydrogen, fluorine, 

Cl-R alkyl, 

C3-8 cycloalkyl, 

aryl CO-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

Co-6 dialkylamino CO-6 alkyl, 

Ci-8 alkylsulfonylamino CO-6 alkyl, 

aryl CO-6 alkylsulfonylamino CO-6 alkyl, 

Cl-8 alkyloxycarbonylamino CO-8-alkyl, 

aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

C1.8 alkylcarbonylamino CO-6 alkyl, 

aryl CO-6 alkylcarbonylamino CO-6 alkyl, 

Co-8 alkylaminocarbonylamino CO-6 alkyl, 

jaryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

C1.6 alkylsulfonyl CO-6 alkyl, 

aryl CO-6 alkylsulfonyl CO-6 alkyl, 

C1.6 alkylcarbonyl Co-6 alkyl, 

aryl Co-6 alkylcarbonyl CO-6 alkyl, 

Cl-6 alkylthiocarbonylamino CO-6 alkyl, or aryl CO-6 

alkylthiocarbonylamino CO-6 alkyl wherein groups may be 

unsubstituted or substituted with one or more substituents 

selected from R 1 and R2, and provided that when two R7 

groups are attached to the same carbon atom, they may be 

the same or different; 

R8 is 

hydroxy, 

Ci-8 alkyloxy, 

aryl Co-6 alkyloxy, 

C 1 -8 alkylcarbonyloxy C i -4 alkyloxy, 

aryl 01-8 alkylcarbonyloxy Ci-4 alkyloxy, or 
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an L- or D-amino acid joined by an amide linkage and 
wherein the carboxylic acid moiety of said amino acid is as 
the free acid or is esterified by C 1-6 alkyl; and 

r9 is 

5 hydrogen, Cl-g alkyl, or -W-V, wherein W is C1.3 alkyl and 

V is 5- to 7-membered monocyclic aromatic or nonaromatic 
ring system containing 0, 1 . 2, 3 or 4 heteroatoms selected 
from N, O and S. 

^° When substituent Rl , R2, R3, R4, R5, r6, r7, r8 or Y 

includes the definition Co. (e.g. aryl Co alkyl), the group modified by Co 
is not present in the substituent. 

"Aryl" means a mono- or polycycHc system composed of 5- 
and 6- membered aromatic rings containing 0, 1. 2, 3 or 4 heteroatoms 
chosen from N, O or S and either unsubstituted or substimted with Rl . 

"Alkyl" means straight or branched chain alkane, alkene or 

alkyne. 

"Halogen" includes fluorine, chlorine, iodine and bromine. 
^° A preferred embodiment of the present invention is 



25 




30 

wherein: 



Xis 



-NR1R2 or a 4- to 10-membered mono- or polycyclic 
aromatic or non-aromatic ring system containing 0, 1 or 2 
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heteroatoms chosen from N or 0 and either 

unsubstituted or substituted with Rl and R2, wherein 

Rl and R2 are independently chosen from: 

hydrogen, 

C 1-6 alky 1, 

aryl CO-6 alkyl, 

caiboxy CO-6 alkyl, 

hydroxy Co-6 alkyl, 

C1.3 alkyloxy CO-6 alkyl, or 

amino CO-6 alkyl; 



CO-6 alkyl, 

Cl-6 alkyl-CO-CO-6 alkyl, or 
CO-6 alkyI-NR3.CO-C0-6 alkyl, wherein 
R3 is hydrogen, 
C1.6 alkyl, 
aryl CO-6 alkyl, 
carboxy CO-6 alkyl, 
hydroxy Co-6 alkyl, 
C1.3 alkyloxy 00-6 alkyl, or 
amino CO-6 alkyl; 

Zis 

2^ -(CHgW.or-CsC-CHg- ; 

wherein m is 0-6; 

30 R^ is 

hydrogen, 
C1.6 alkyl, 
aryl CO-6 alkyl, 
carboxy C0.6 alkyl, 



Yis 

15 

20 
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hydroxy CO-6 alkyl, 

C1.3 alkyloxy CO-6 alkyl, or 

amino CO-6 alkyl; 

^ R7 is 

hydrogen, fluorine, 
C 1-8 alkyl, 
C3-8 cycloalkyl, 
aryl CO-6 alkyl, 
^ ° Co-6 alkylamino CO-6 alkyl, 

Co-6 dialkylamino CO-6 alkyl, 
C 1 -8 alkylsulfonylamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
Ci-S alkyloxycarbonylamirio CO-8 alkyl, 
aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 
C 1 -8 alkylcarbonylamino Co-6 alkyl, 
aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
CO-8 alkylaminocarbonylamino CO-6 alkyl, 
aryl CO-8 alkylamiriocaibonylamino CO-6 alkyl, 

on ^ 

C I -6 alkylsulfonyl Co-6 alkyl, 
aryl CO-6 alkylsulfonyl CO-6 alkyl, 
Cl -6 alkylcarbonyl CO-6 alkyl, 
aryl CO-6 alkylcarbonyl Co-6 alkyl, 
Cl-6 alkylthiocarbonylamino CO-6 alkyl, or 
aryl CO-6 alkylthiocarbonylamino CO-6 alkyl wherein 
groups may be unsubstituted or substituted with one or more 
substituents selected from Rl and R2, and provided that 
when two R7 groups are attached to the same carbon atom, 
^ ^ they may be the same or different; 

R8is 

hydroxy, 

C1.6 alkyloxy, 

aryl CM alkyloxy, or 
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Cl-6 alkylcarbonyloxy C1.4 alkyloxy; and 

R9is 

Cl-3 alkyl or -W-V, wherein W is Cl-3 alkyl and V is 6- 
membered monocyclic aromatic ring system containing 0, 1 , 
2, 3 or 4 heteroatoms selected from N, O and S. 

A more preferred embodiment of the present invention is 

R« n 0 

II 

wherein: 
20 Xis 

-NRiR2 or a 4- to lO-membered mono- or polycychc 
aromatic or non-aromatic ring system containing 0, 1 or 2 
heteroatoms chosen from N or O and either 
unsubstituted or substituted with Rl and R2, wherein 
25 Rl and R2 are independently chosen from: 

hydrogen, 
C1.6 alkyl, 
aryl Co-6 alkyl, 
caiboxy Co-6 alkyl, 
30 hydroxy Co-6 alkyl, 

Cl .3 alkyloxy CO-6 alkyl, or 
amino Co-6 alkyl; 




Yis 

Co-6 alkyl. 
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Cl-6 alkyl-CO-CO-6 alkyl, or 

CO-6 alkyl-NR3-CO-C0-6 alkyl wherein 

R3 is hydrogen, 

Ci-6 alkyl, 

aryl CO-6 alkyl, 

caiboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

C1.3 alkyloxy CO-6 alkyl, or 

amino CO-6 alkyl; 

Zis 

-{CH2)m-.or-C=C-CH2-; 



wherein m is 0-3; 

15 

hydrogen, 
C 1-6 alkyl, 
aiyl CO-6 alkyl, 
carboxy CO-6 alkyl, 
hydroxy CO-6 alkyl, 
Cl-3 alkyloxy CO-6 alkyl, or 
amino CO-6 alkyl; 



hydrogen, fluorine, 

Ci-8 alkyl, 

C3-8 cycloalkyl, 

CO-6 alkylamino CO-6 alkyl, 

Co-6 dialkylamino CO-6 alkyl, 

Cl-8 alkylsulfonylamino CO-6 alkyl, or 

Cl-g alkylcarbonylamino CO-6 alkyl, 

wherein groups may be unsubstituted or substituted with one 

or more substituents selected from Rl and R2, and provided 



R3 is 



20 



25 



R7is 



30 
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that when two R7 groups are attached to the same carbon 
atom, they may be the same or different; 



hydroxy, 

Cl.6alkyloxy, 

aryl CM alkyloxy, or 

Cl-e alkylcarbonyloxy C1.4 alkyloxy; and 



methyl or methylphenyl. 



Especially preferred compounds of the invention are: 



R8 is 



5 



15 



o 



20 



HN 




NHSO2BU 



CO2H 



25 



30 
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TTie portion of certain structures represented by 
20 " — — — " , which appears above and throughout the application, 

means ^~ 

An ADP-stimulated platelet aggregation assay was used to 
determine inhibition associated with compounds of the invention. 

Human platelets were isolated from fresh blood, collected 
into acid citrate/dextrose by differential centrifugation followed by gel 
filtration on Sepharose 2B in divalent ion-free Tyrode's buffer (pH 7.4) 
containing 2% bovine serum albumin. Platelet aggregation was measured 
at 37°C in a Chronolog aggregometer. The reaction mixture contained 
gel-filtered human platelets (2 x 108 per ml), fibrinogen (100 Hg/ml), 
^° Ca2+ (1 mM). and the compound to be tested. Aggregation was initiated 
by adding 10 uM ADP 1 minute after the other components had been 
added. The reaction was allowed to proceed for at least 2 minutes. The 
extent of inhibition of aggregation was expressed as the percentage of the 
rate of aggregation observed in the absence of inhibitor. The IC50 is the 
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dose of a particular compound inhibiting aggregation by 50% relative to a 

control lacking the compound. 

The abbreviations listed below are defined as Bn, benzyl; 
NMM, N-methylmorpholine; HOBt, 1 -hydroxybenzotriazole; EDC, l-(3- 

^ dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; DMF, 
dimethylfomiamide; Pib, 4-(4-piperidyl)butanoyl; pTSA, paratoluene- 
sulfonic acid; DMS, dimethylsulfide; TFA, trifluoroacetic acid; THF, 
tetrahydrofuran; DIB AL, diisobutylaluminumhydride; Boc (or BOC). 
tert-butoxycarbonyl; Cbz. benzyloxycarbonyl; Sue, succinoyl; alpine 

^° borane, p-isopinocamphenyl-9-borabicyclo[3.3,l]-nonane; TBDMS, tert- 
butyldimethylsilyl; Jones reagent, chromic acid; NBS, N-Bromo- 
succinimide; BPO, Benzoyl peroxide; PPh3. triphenyl phosphme; 
DMSO, Diraethylsulfoxide; Et3N, triethylamine; Tf^O, triflicanhydnde; 
DMAP.4-dimethylaminopyridine; BOP,benzotriazol-l yloxytris- 
(dimethylamino)-phosphonium hexafluorophosphate; PhCHO, 
benzaldehyde; and Boc20, di-t-butyldicarbonate; dppp, 1 ,3- 
bis(diphenylphosphino)propane; ETOH, ethyl acetate; CH2CI2. 
methylene chloride; HOAc, acetic acid; CH3OH, methanol; CHCI3, 

chloroform. . 
20 uj^jggg otherwise indicated, all degree values are Celsius. 

The pharaiaceutically acceptable salts of the compounds of 
Formula 1 include the conventional non-toxic salts or the quatemary 
ammonium salts of the compounds of Formula 1 formed, e.g., from non- 
toxic inorganic or organic acids. For example, such conventional non- 
toxic salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the 
like; and the salts prepared from organic acids such as acetic, propionic, 
succinic, glycolic, stearic, lactic, mahc, tartaric, citric, ascorbic, pamoic, 
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, sahcylic, 
^° sulfaniHc, 2-acetoxybenzoic, fumaric. toluenesulfonic, methanesulfomc, 
ethane disulfonic, oxaUc, isethionic, and the like. 

The pharmaceutically acceptable salts of the present 
invention can be synthesized from the compounds of Formula I which 
contain a ba.sic or acidic moiety by conventional chemical methods. 
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Generally, the salts are prepared by reacting the free base or acid with 
stoichiometric amounts or with an excess of the desired salt-forming 
inorganic or organic acid or base in a suitable solvent or various 
combinations of solvents. 

^ The pharmaceutically acceptable salts of the acids of 

Formula I are also readily prepared by conventional procedures such as 
treating an acid of Formula I with an appropriate amount of a base, such 
as an alkaH or alkaline earth metal hydroxide e.g. sodium, potassium, 
lithium, calcium, or magnesium, or an organic base such as an amine, 

^ ° e.g., dibenzylethylene-diamine, trimethylamine, piperidine, pyrrolidine, 
benzylamine and the like, or a quatemary ammonium hydroxide such as 
tetramethylammonium hydroxide and the like. 

The compounds of Formula I are useful in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting aggregation of blood 

^ ^ platelets, treatment of thrombus formation or embolus formation, and in 
the prevention of tiirombus formation or embolus formation. These 
compounds are useful as pharmaceutical agents for mammals, especially 
for humans. The compounds of this invention may be administered to 
patients where prevention of thrombosis by inhibiting binding of 

^° fibrinogen to the platelet membrane glycoprotein complex Ilb/HIa 
receptor is desired. Compounds of this invention may also be used to 
prevent or modulate the progress of myocardial infarction, unstable 
angina and tiirombotic stroke, in either acute or chronic settings. In 
addition, they may be useful in surgery on peripheral arteries (arterial 
grafts, carotid endarterectomy) and in cardiovascular surgery where 
manipulation of arteries and organs, and/or the interaction of platelets 
with artificial surfaces, leads to platelet aggregation and consumption. 
The aggregated platelets may form thrombi and thromboemboli. 
Compounds of this invention may be administered to surgical patients to 
prevent the formation of thrombi and thromboemboli. 

Extracorporeal circulation is routinely used for 
cardiovascular surgery in order to oxygenate blood. Platelets adhere to 
surfaces of the extracorporeal circuit. Adhesion is dependent on the 
interaction between GPHb/IIIa on the platelet membranes and fibrinogen 



wo 94/22825 



PCTAJS94/03400 



-17- 

adsorbed to the surface of the circuit. (Gluszko stal-, Apief-J. PhysiQl .. 
1987, 252:H, pp 615-621). Platelets released from artificial surfaces 
show impaired hemostatic function. Compounds of this invention may 
be administered to prevent adhesion. 

Other applications of these compounds include prevention of 
platelet thrombosis, thromboembolism, reocclusion, and restenosis during 
and after thrombolytic therapy and prevention of platelet thrombosis, 
thromboembolism, reocclusion and restenosis after angioplasty of 
coronary and other arteries and after coronary artery bypass procedures. 

The compounds of Formula I may be administered to 
mammals, preferably in combination with phamiaceutically acceptable 
carriers or diluents, optionally with known adjuvants such as alum, in a 
pharmaceutical composition which is non-toxic and in a therapeutically 
effective amount, according to standard pharmaceutical practice. The 
compounds can be administered orally or parenterally, including 
intravenous, intramuscular, intraperitoneal, trans-deraial, subcutaneous 
and topical administration. 

For oral use of a fibrinogen receptor antagonist according to 
this invention, the selected compounds may be administered, for 
example, in the form of tablets or capsules, or as an aqueous solution or 
suspension. In the case of tablets for oral use, carriers which are 
commonly used include lactose and com starch, and lubricating agents, 
such as magnesium stearate, are commonly added. For oral 
administration in capsule form, useful diluents include lactose and dried 
com starch. When aqueous suspensions are required for oral use, the 
active ingredient is combined with emulsifying and suspending agents. If 
desired, certain sweetening and/or flavoring agents may be added. 

For intramuscular, intraperitoneal, subcutaneous, and 
intravenous use, sterile solutions of the active ingredient are u.sually 
prepared, and the pH of the solutions should be suitably adjusted and 
buffered. For intravenous use, the total concentration of solutes should 
be controlled in oider to render the preparation isotonic. 

The present invention also encompasses a pharmaceutical 
composition useful in the treatment and prevention of diseases related to 
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platelet aggregation, fibrin formation, and thrombus and embolus 
formation, comprising the administration of a therapeutically effective 
but non-toxic amount of the compounds of Formula I, with or without 
pharmaceutically acceptable carriers or diluents. 

Compositions of this invention include fibrinogen receptor 
antagonist compounds of this invention in combination with 
pharmacologically acceptable carriers, e.g. saline, at a pH level e.g. 7.4, 
suitable for achieving inhibition of platelet aggregation. The 
compositions may also be combined with anticoagulants such as heparin 
or warfarin. The compositions may also be combined with thrombolytic 
agents such as plasminogen activators or streptokinase in order to inhibit 
platelet aggregation in more acute settings. The composition may further 
be combined with antiplatelet agents such as aspirin. The compositions 
are soluble in an aqueous medium, and may therefore be effectively 
administered in solution. 

When a compound according to Formula I is used as a 
fibrinogen receptor antagonist in a human subject, the daily dosage will 
normally be determined by the prescribing physician with the dosage 
generally varying according to the age, weight, and response of the 
individual patient, as well as the severity of the patients symptoms. 

In one exemplary application, a suitable amount of 
compound is administered orally to a heart attack victim subsequent to 
angioplasty. Administration occurs subsequent to angioplasty, and is in 
an amount sufficient to inhibit platelet aggregation, e.g. an amount which 
achieves a steady state plasma concentration of between about 0.01- 
50 mM preferably between about 0.01-10 mM. 

The present invention also includes a pharmaceutical 
composition comprising compounds of the present invention in 
combination with tissue type plasminogen activator or streptokinase. The 
invention also includes a method for promoting thrombolysis and 
preventing reocclusion in a patient which comprises administering to the 
patient an effective amount of compositions of the invention. 

The present invention provides a method of inhibiting the 
binding of fibrinogen to blood platelets, inhibiting aggregation of blood 
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platelets, treating thrombus formation or embolus formation, and in 
preventing thrombus formation or embolus f omiation in a mammal , 
comprising the administration of a therapeutically effective but non-toxic 
amount of the compounds of this invention, with or without 
pharmaceutically acceptable carriers or diluents. 

The present invention still further provides a method of 
inhibiting the binding of fibrinogen to blood platelets, inhibiting 
aggregation of blood platelets, treating thrombus formation or embolus 
formation, and in preventing thrombus formation or embolus fomiation in 
a mammal, comprising the administration of a therapeutically effective 
but non-toxic amounts of the compounds of this invention in combination 
with thrombolytic agents, such as tissue plasminogen activators or 
streptokinase, anticoagulants such as heparin or warfarin, or antiplatelet 
agents such as aspirin, with or without pharmaceutically acceptable 

carriers or diluents. 

The compounds of Fomiula I are prepared according to the 

reaction schemes set forth below. 

F.XAMPLE 1 
Preparation nf Roc-4-P ipp-ridine-2-ethanol (1-5) 



25 




4-Piperidine-2-ethanol (Aldrich) (130 g, 1.0 mole) was 
dissolved in 700 mL dioxane, cooled to O^C and treated with 3 N NaOH 
30 (336 mL, 1.0 mole), and di-t-butyldicarbonate (221.8 g, 1.0 mole). The 
ice bath was removed and the reaction stirred ovemight. The reaction 
was concentrated, diluted with water and extracted with ether. The ether 
layers were combined, washed with brine, dried over MgS04, filtered 
and evaporated to give 1:^ Rf = 0.37 in 1 :1 EtOAc/Hexanes, ninhydrin 
stain. 



wo 94/22825 



PCT/US94/03400 



-20- 

IH NMR (300MHz, CDCI3) 5 4.07 (bs, 2H), 3.7 (bs, 2H), 2.7 (t, J = 12.5 
Hz,2H). 1.8-1.6 (in,6H), 1.51 (s,9H). 1.1 (ddd.J = 4.3. 12.5. 12Hz, 
2H). 

* Rnc-4-piDeri<^inft-2-ethvl iodide (\-6) 

Boc-4-piperidine-2-ethanol (US) (10.42 g, 0.048 mole was 
dissolved in 400 ml benzene and imidazole (4.66 g, 0.068 moles) and 
triphenylphosphine (15.24 g, 0.05 moles) were added at room 
temperature. After 6 hours the reaction mixture was filtered and the 

^° filtrate was evaporated to give a dark residue. This was purified by flash 
chromatography on silica gel eluting with 10% EtOAc-hexanes to give 
1-6 as a yellow oil. 

FX AMPLE 2 

15 

2-3 

20 

A-fN^-^-P ^^ tylnxvcarb onvlpiperidinYD^p-thvlflmine (2-3) 

A solution of 4-(piperidinyl)methylamine (22.8 g, 0.2 
mmoles) in toluene (250 ml) was treated with benzaldehyde (21.2 g, 0.2 
mmoles) at room temperature and the resulting mixture was heated at 

25 reflux for 3 hours with the aid of a Dean-Stark trap for water removal. 
The cooled reaction mixture containing the desired Schiff s base was 
treated portionwise with di-t-butyl dicaibonate (47.96 g, 0.22 moles) and 
the resulting solution was stirred at room temperature for 16 hours. The 
solvent was then removed and the residue was cooled to 0-5°C and 

30 treated with IN KHSO4 (220 ml) with stirring for 3 hours. The resulting 
reaction mixture was extracted with ether (3 x 200 ml) and then made 
basic with IN KOH solution and extracted with CHCI3 (4 x 75 ml). The 
combined organic extract was washed with brine, dried (Na2S04) filtered 
through celite, and the solvent removed to provide pure 2il as a clear oil. 
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lHNMR(300MHz.CDCl3)5 1.13 (2H,m). 1.45 (9H.s), 1.60(lH.m). 
1 .74 (2H. d), 2.68 (4H. m), 4.15 (2H, bd). 

FXAMPLE 3 
COgH i)HCI/EtOH ^—^COaEt 

NHo 2)nBuS02CI NHSOgBu 
^ iPrg NEt 

(SIGMA) 

10 2d 



'7-(Rii|^np; gii1fnnvlaminnYg"t-4-vp mr. add, ethvl ester (3-1) 

A solution of propargylglycine ethyl ester hydrochloride 

15 (from treatment of 2.0 g (17.7 mmol) of propargylglycine with EtOH/HCl 
at reflux) in CH2CI2 (30 ml) and 10 ml (57 mmol) diisopropylethylamme 
was cooled to OX and 35 ml of butanesulfonyl chloride added dropwise. 
After 30 minutes, the reaction mixture was poured into cold 10% citric 
acid solution and extracted with ether. The organic phase was washed 

20 with NaHC03 solution, brine and dried (MgS04). The cmde product 
was purified by flash column chromatography to afford 2.6 g of M- 
NMR (300 MHz, CDCI3): 5.12 (d, IH). 4.27 (m, 3H). 3.06 (m. 2H), 2.68 
(m. 2H), 2.09 (t, IH), 1.83 (m, 2H), 1.45 (m, 2H), 1.31 (t, 3H). 0.95 (t. 
IH). 



30 
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RXAMPLE4 

1) KOtBu/THF 



5 




3) NaBH4 

Boc 




2) Hg/Pd/C 

3) LiOH/HgO/THF 

4) HCI/EtOAc 
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O 




±1 



N-Benzvl-2-rrN-Boc-DiDeridin-4-vnet hvn-glvcine- ethvl ester (4-n 

A solution of glycine benzaldehyde imine (10.2 g, 53 mmol) 
in 100 ml of THF was added dropwise to a cooled (-78*0) and stirred 
solution of potassium t-butoxide (5.8 g, 52 nraiol) in 300 ml THF over 20 
min. After 15 min. a solution of Boc-4-(2-iodoethyl) piperidine (Jb© 
(18.2 g, 52 mmol) was added and stirring continued at -78*C for 2 h. 
followed by standing at -20'C for 18 h. After stirring 2 h. at r.t., the 
reaction mixture was concentrated to 50% of volume, poured into ice 
cold saturated NH4CI and extracted with ether. The organic phase was 
washed with brine, dried (MgS04) and the solvent evaporated. 1 g of the 
resulting oil was dissolved in 10 ml of methanol, cooled to O'C and 100 
mg of sodium borohydride added in portions over 5 mins. After an 
additional 10 min., the reaction was concentrated, poured into water and 
extracted with ether. The organic extracts were washed with brine, dried 
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(MgS04) and solvent evaporated to give crude product purified by flash 
column chromatography (5:1 -> 2:1 hexaneiEtOAc) to afford 410 mg of 
4ii. 

NMR (300 MHz, CDC13) 5 7.2-7.4 (m, 5H), 4.17 (g. 2H). 4.05 (brs, 2H), 
3.80 (d, 1/2 of AB. IH), 3 and 2 (d. 1/2 of AB, IH). 3.22 (t, IH). 2.63 
(brt,2H), 0.95-1.9 (m,22H). 



0 



10 




15 

7-Iodo-4-benzyl-3-[2-(N-Boc-piperidin-4-yl)ethyl]-lH-l,4-dioxo- 

henzndiazipine (A-2) _ 

A mixture of 4-iodoisatoic anhydride (3.5 g, 12.1 mmol) 
20 (Ann. Chim. (Rome) vol. 57, no. 6 (1967) pp. 607-615) and amino ester 
4-1 (5.0 g, 12-3 mmol) in 35 ml of pyridine was heated to reflux for 40 h. 
The solvent was evaporated and the residue purified by flash 
chromatography (EtOAc -> 20% EtOH/EtOAc) to afford 4.0 g of 4:2 as a 
foam. 

25 NMR (300 MHz, CD3OD) 8.4 (brs, IH), 7.85 (d, IH), 6.95-7.5 (m, 6H). 
4.45-4.8 (m, 2H), 3.9-4.3 (m, 3H), 2.6 (brs, 2H), 0.7-2.0 (m, 18H). 



O 



30 




±2. 
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2-Butanesulfonylaniino-5-[4-benzyl-3-(2-[piperidin-4-yl]ethyl- 1 H- 1 ,4- 

dinxohenzodia7.epin-7-vnpp-ntanoic aci H. trifluoroacetate salt (4-3) 

A mixture of iodide (975 mg, 1.61 mmol), acetylene QA), 
(500 mg, 1.91 mmol), bis(triphenylphosphine) palladium (11) chloride (80 
mg, 0. 1 1 mmol) and copper (I) iodide (40 mg, 0.21 mmol) in 
diethylamine (12 ml) was stirred in the dark at room temperature for 3 
hours, under argon. The volatiles were evaporated and the residue 
partitioned between 10% citric acid solution and ethyl acetate. The 
organic phase was washed with water, saturated NaHC03, brine and 
dried (MgS04). The solvent was evaporated to give 930 mg of a yellow 
foam. 

150 mg of this was dissolved in 25 ml of EtOAc and 
hydrogenated at 50 psi over 10% palladium charcoal, for 18 hours to 
give, after filtration and evaporation, 150 mg of a gum. This was 
dissolved in THF (3 ml) and IM NaOH (3 ml) aded, followed by 1 ml 
methanol. The reaction mixture was stirred for 18 hours, concentrated 
and partitioned between EtOAc and water. The organic phase was 
washed with water and brine, dried (MgS04) and the solvent evaporated 
to give a foam which partially dissolved in 3 ml of CH2CI2. After 
cooling to -10°C, trifluoroacetic acid (3 ml) was added and stirring 
continued for 15 minutes before evaporation of volatiles. The resulting 
gum was purified by reverse phase preparative HPLC to give 4^1- M.S. 
(POS FAB) 657 (M++C02+1). 

NMR (300 MHz), 8.0 (d, IH), 7.57 (d, IH), 7.2-7.46 (m. 6H), 4.1-4.7 (m, 
3H), 4.02 (dd. IH), 3.02 (t. 2H), 2.7-2.95 (m, 4H), 1.65-2.0 (m, lOH), 
1.1-1.5 (m,7H). 0.94 (t.3H). 



30 
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EXAMPLE5 



5 




2-Butanesulfonylamino-5-[4-benzyl-3-(2-[piperidin-4-yl]ethy I- 1 H- 1 ,4- 

dinxnhenzodifl7.epin-7-vl1pP-nt-4-vnoic . arid, trifluoroacetate salt (5) 

Iodide 4:2 was coupled with acetylene M and deprotected 
" as described in 4^1 to provide 5. M.S. (POS FAB) 653 M++C02+I • 

C H N 

Analysis calculated for 1.8 CF3CO2H 52.53 5.18 6.88 
Obs 52.58 5.14 6.81 



25 



30 
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RX AMPLE 6 



Boc 










CHgO 


9 


NaCNBHa 




MeOH 


COoEt 






Ph^N COzEt 
Me 

fid 



15 



20 



25 



30 



H2/Pd(OH2)/C 




CH3NH C02Et 




2) 



.COgEt 
NHSOgBu 



3) Hg/Pd/C 

4) LiOH/THF/HgO 

5) HCI/EtOAc 
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20 N-Benzyl-N-MethyI-[2-(N-Boc-piperidin-4-yl)ethyl]glycine, ethyl 
gstgr(^-l) 

Amine 4ii (1.3 g, 3.2 mmol) was dissolved in 25 ml of 
methanol and 37% fomialdehyde solution (0.3 mL) added, followed by 
300 mg of sodium cyanoborohydride. The reaction mixture was stirred at 
25 r.t. ovemight, poured into water and extracted with water and brine, dried 
(MgS04) and the solvent evaporated to give fitJ.. 
NMR (300 MHz, CDC12) 7.2-7.35 (m, 5H), 3.9-4.3 (m, 4H), 3.78 (1/2 of 
AB IH), 3.57 (1/2 of AB IH), 3.23 (t, 2H), 2.63 (bit, 2H), 2.26 (3 s, 3H). 
1.6-1.8 (m, 5H), 1.44 (s. 9H), 1.31 (t, 3H). 1.0-1.4 (m. 4H). 

30 
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5 




10 

^-Rftn7.vl-r2-(N-Boc-piperidin-4-v) WhvnglvcinP- ethvl ester (6-2) 

A solution of amine M (1 -2 g, 2.87 mmol) in 50 ml EtOH 
was hydrogenated at 50 psi over 100 mg of 10% palladium hydroxide on 
charcoal for 18h. The catalyst was removed by filtration and the filtrate 
1 5 evaporated to give methylamine 

NMR (300 MHz, CDCI3) 5 4.19 (q, 2H), 4.04 (brs, 2H), 3.1 (t, IH), 2.69 
(brt, 2H), 2.37 (s, 3H), 1.0-1.7 (m, 21H). 



20 




2-Butanesulfonylamino-5-[4-methyl-3-(2-piperidin-4-yl]ethyl)-lH, 1 ,4- 

diQXQbenzoriia7epin-7-vl1pentanoic acid, trifluor oacetate salt (6-3) 

Using the same procedure as described for the preparation of 
4, but replacing benzylamine 4A with methylamine 6i2 afforded 6:3. 
(saturated) 

NMR (300 MHz, D2O) 6 7.76, (d, IH), 7.40 (d, IH), 7.23 (m. IH), 4.22 
(m. IH), 3.82 (m, IH), 3.22 (brd, 2H), 2.95 (t, 2H), 2.83 (s, 3H), 2.76 (m, 
2H), 2.56 (m, 2H), 1.0-2.0 (m, 17H), 0.67 (t, 3H). 
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FXAMPLE7 




z 

^° 2-Butanesulfonylamino-5-[4-methyl-3-[2-[piperidin-4-yl]ethyl)-lH-1.4- 

Hinxnhenzodi{^ ^f pin.7.vnDen t-4.vnoic acid triflnoroacetate s^lt (7) 

Utilizing the same scheme described for preparation of 5. 
but using methylamine 6^ in place of benzylenene 4i afforded 

acetylene 1. . ^ o^, 

^5 NMR (300 MHz, D2O) 6 7.93 (brs, IH), 7.58 (d, IH), 7.20 (m, IH), 4.23 

(brs, IH), 4.16 (dd, IH), 3.94 (q, IH), 3.23 (brd, 2H), 3.04 (m, 2H), 2.6- 

2.9 (m. 8H), 0.95-2 (m, 17H). 0.59 (t, 3H). 



20 



25 



30 
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WHAT TSn^AIMEDIS: 

1 . A fibrinogen receptor antagonist of the following 

5 formula: 



10 




15 

wherein G is 




A, B, C and D independently represent a carbon atom or a nitrogen atom; 
Xis 

.NR1r2. -NR^CR\ -CNHR^ .NR^CNR3R^ 

or a 4- to 10- membercd mono- or polycyclic aromatic or 
nonaromatic ring system containing 0, 1, 2, 3 or 4 
heteroatoms selected from N, O and S and either 
unsubstituted or substituted with Rl, R2, R3 or R4, wherein 
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R 1 , R2, r3 and R4 are independently selected from the 
group consisting of hydrogen, 
Ci-lOalkyl, 
aryl CO-8 alkyl, 

0X0, 

thio, 

amino CO-8 alkyl. Cl-3 acylamino CO-8 alkyl, 
Cl.6 alkylamino CO-8 alkyl, 
Cl.6 dialkylamino CO-8 alkyl, 
Ci^ alkoxy Co-6 alkyl, 

carijoxy CO-6 alkyl, C].3 alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, 
hydroxy CO-6 alkyl, and 

fused or nonfiised heteroaryl CO-8 alkyl, wherein the 
heteroaryl group contains 1, 2, 3 or 4 heteroatoms N, O, or 
S; 



Y is CO-8 alkyl, 

CO-8 alkyl-NR3-CO-CO-8 alkyl, 
Co-8 alkyl-CONR3.C0.8 alkyl, 
CO-8 alkyl-O-Co-8 alkyl, 
CO-8 alkyl-S(On)-C0-8 alkyl, or 
CO-8 alkyl-SO2-NfR3-C0-8 alkyl-, 
CO-8 alkyl-NR3-SO2-C0-8 alkyl-, or 
Cl-S alkyl-CO-CO-8 alkyl; 

Zis 

-(CH2U-. -C2C-CH2- 



-C=C(CH2)„,- 

I I 
H H 

wherein m is 0-6; 
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R5 is 

hydrogen, 
Ci.6alkyl, 

CO-6 alkylcarboxy CO-6 alkyl, 
Co-6 alkyloxy CO-6 alkyl. 
hydroxy CO-6 alkyl, 
aryl CO-6 alkyl, or 
halogen; 



hydrogen, 
Cl-R alkyl, 
aryl Co-6 alkyl, 
C3-8 cycloalkyl CO-6 alkyl, 
CO-6 alkylcarboxy CO-6 alkyl, carboxy CO-6 
alkyl, 

C1.4 alkyloxy CO-6 alkyl, or 

hydroxy CO-6 alkyl, provided that 

any of which groups may be substituted or 

unsubstituted independently witii Rl or R2. and provided 

that, when two R6 groups are attached to the same carbon, 

they may be the same or different; 



hydrogen, fluorine, 

Ci-g alkyl, 

C3-8 cycloalkyl, 

aiyl CO-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino Co-6 alkyl, 

Ci-g alkylsulfonylamino CO-6 alkyl, 

aiyl CO-6 alkylsulfonylamino CO-6 alkyl, 

Cl-8 alkyloxycarbonylamino CO-8 alkyl, 

aryl Co-8 alkyloxycarbonylamino CO-8 alkyl. 



30 
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Cl-R alkylcarbonylamino CO-6 alkyl, 

aryl Co-6 alkylcarbonylamino Co-6 alkyl, 

Co-8 alkylaminocarbonylamino CO-6 alkyl, 

aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

Cl-6 alkylsulfonyl CO-6 alkyl, 

aryl CO-6 alkylsulfonyl Co-6 alkyl, 

Cl-6 alkylcarbonyl CO-6 alkyl 

aryl CO-6 alkylcaitwnyl CO-6 alkyl, 

Cl.6 alkylthiocarbonylamino Co.6 alkyl, or 

aryl CO-6 alkylthiocarbonylamino CO-6 alkyl wherein 

groups may be unsubstituted or substituted with one or more 

substituents selected from Rl and R2, and provided that 

when two R7 groups are attached to the same carbon atom, 

they may be the same or different; 

R8 is 

hydroxy, 

Cl-g alkyloxy, 

aryl CO-6 alkyloxy, 

Ci-8 alkylcarbonyloxy C1.4 alkyloxy, 

aryl Ci-S alkylcarbonyloxy Ci^ alkyloxy, or 

an L- or D-amino acid joined by an amide linkage and 

wherein the carboxylic acid moiety of said amino acid is as 

the free acid or is esterified by C 1-6 alkyl; and 

R9 is 

hydrogen, Cl-S alkyl, or -W-V, wherein W is C 1-3 alkyl and 
V is 5- to 7-membered monocyclic aromatic or nonaromatic 
ring system containing 0, 1, 2, 3 or 4 heteroatoms selected 
fi-om N, O and S. 



2. A compound of Claim 1 , having the formula 
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5 




wherein: 

10 

Xis. 

-NR1r2 or a 4- to 10-membered mono- or polycyclic 

aromatic or non-aromatic ring system containing 0, 1 or 2 

heteroatoms chosen from N or O and either 
^5 unsubstituted or substimted with R 1 and R2, wherein 

R 1 and R2 are independently chosen from: 

hydrogen, 

Cl.6alkyl, 

aryl CO-6 alkyl, 
2° caiboxy Co-6 alkyl, 

hydroxy CO-6 alkyl, 

Cl-S alkyloxy Co-6 alkyl, or 

amino CO-6 alkyl; 



Co-6 alkyl, 

Ci.6 alkyl-CO-CO-6 alkyl, or 

CO-6 alkyl-NR3-CO-C0-6 alkyl, wherein 

r3 is hydrogen, 

C 1-6 alkyl, 

aryl CO-6 alkyl, 

carboxy Co-6 alkyl, 

hydroxy CO-6 alkyl, 

C1.3 alkyloxy CO-6 alkyl, or 



25 



Yis 



30 
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amino CO-6 alkyl; 

Zis 

-(CH2)m-.or-C=C-CH2- : 
wherein m is 0-6; 

R3 is 

hydrogen, 

Cl.6 alkyl, 

aryl CO-6 alkyl, 

carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

Cl-B alkyloxy CO-6 alkyl. or 

amino Co-6 alkyl; 

R7is 

hydrogen, fluorine, 

Cl -8 alkyl, 

C3-8 cycloalkyl, 

aryl CO-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl, 

Cl-S alkylsulfonylamino CO-6 alkyl, 

aryl CO.6 alkylsulfonylamino CO-6 alkyl, 

Cl-g alkyloxycarbonylamino CO-g-alkyl, 

aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-g alkylcarbonylamino CO-6 alkyl, 

aryl CO-6 alkylcarbonylamino CO-6 alkyl, 

CO-8 alkylaminocarbonylamino CO-6 alkyl, 

aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

Ci.6 alkylsulfonyl CO-6 alkyl, 

aryl CO-6 alkylsulfonyl CO-6 alkyl, 

Ci-6 alkylcarbonyl CO-6 alkyl 
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aryl CO-6 alkylcarbonyl Co-6 alkyl, 

Cl.6 alkylthiocarbonylamino CO-6 alkyl, or 

aryl CO-6 alkylthiocarbonylamino CO-6 alkyl wherein 

groups may be unsubstituted or substituted with one or more 

substituents selected from Rl and R2, and provided that 

when two R7 groups are attached to the same carbon atom, 

they may be the same or different; 



R8is 

hydroxy, 

Cl.6alkyloxy, 

arylCMalkyloxy, or 

Cl.6 alkylcaibonyloxy CM alkyloxy; and 

R9is 

C1.3 alkyl or -W-V, wherein W is Cl-3 alkyl and V is 6- 
membered monocyclic aromatic ring system containing 0, 1, 
2, 3 or 4 heteroatoms selected from N, O and S. 

3. A compound of Claim 2, having the formula: 




30 wherein: 



-NR1R2 or a 4- to lO-membered mono- or polycyclic 
aromatic or non-aromatic ring system containing 0, 1 or 2 
heteroatoms chosen from N or 0 and either 
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unsubstituted or substituted with Rl and R2, wherein 

Rl and R2 are independently chosen from: 

hydrogen, 

Ci-6 alkyl, 

aiyl CO-6 alkyl, 

carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

Cl-3 alkyloxy CO-6 alkyl, or 

amino CO-6 alkyl; 



CO-6 alkyl, 

Cl.6 alkyl-CO-Co-6 alkyl, or 

CO-6 alkyl-NR3-CO-C0-6 alkyl wherein 

R3 is hydrogen, 

Cl.6 alkyl. 

aryl CO-6 alkyl, 

carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

C1.3 alkyloxy CO-6 alkyl. or 

amino CO-6 alkyl; 

Zis 

-(CH2)m-.or-C=C-CH2- ; 
wherein m is 0-3; 

R3is 

hydrogen, 

Cl -6 alkyl, 

aryl CO-6 alkyl, 

carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

Cl-3 alkyloxy CO-6 alkyl, or 

amino CO-6 alkyl; 
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hydrogen, fluorine, 

Cl-8 alkyl, 

C3.8 cycloalkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl, 

Cl-8 alkylsulfonylamino CO-6 alkyl. 

Cl-8 alkylcarbonyiamino Co-6 alkyl, 

wherein groups may be unsubstituted or substituted with one 

or more substituents selected from R 1 and R2, and provided 

that when two R7 groups are attached to the same carbon 

atom, they may be the same or different; 



hydroxy, 

Cl.6alkyloxy, 

aryl Cl-4 alkyloxy, or 

Cl-6 alkylcarbonyloxy CM alkyloxy; and 



methyl or methylphenyl. 

4. A compound of Claim 3 selected from the group of 




wo 94/22825 



PCTAJS94/03400 



40- 



COoH 



10 



15 



NHS02BU 




NHSO2BU 



5. A compound of Claim 1 for use in inhibiting the 
20 binding of fibrinogen to blood platelets, inhibiting the aggregation of 

blood platelets, treating thrombus formation or embolus formation, or 
preventing thrombus or embolus formation in a mammal. 

6. A composition for inhibiting the binding of fibrinogen 
25 to blood platelets in a mammal, comprising a compound of Claim 1 and a 

pharmaceutically acceptable carrier. 

7. A composition for inhibiting the aggregation of blood 
platelets in a mammal, comprising a compound of Claim 1 and a 

3 0 pharmaceutically acceptable carrier. 

8. A composition for preventing thrombus or embolus 
fonnation in a mammal, comprising a compound of Claim 1 and a 
pharmaceutically acceptable carrier. 
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9. A composition for treating thrombus or embolus 
fomation in a mammal, comprising a compound of Claim 1 and a 
pharmaceutically acceptable carrier. 

^ 10. A method for inhibiting the binding of fibrinogen to 

blood platelets in a mammal, comprising administering to the mammal a 
composition of Claim 7. 

11. A method for inhibiting the aggregation of blood 
^° platelets in a mammal, comprising administering to the mammal the 

composition of Claim 7 . 

12. A method for preventing thrombus or embolus 
foraiation in a mammal, comprising administering to the mammal the 
composition of Claim 8. 

13. A method for treating thrombus or embolus fomiation 
in a mammal, comprising administering to the mammal the composition 
of Claim 9. 
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14. A compound of Claim 4 for use in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting the aggregation of 
blood platelets, treating thrombus formation or embolus formation, or 
preventing thrombus or embolus formation in a mammal. 

15. A composition for inhibiting the binding of fibrinogen 
to blood platelets in a mammal, comprising a compound of Claim 4 and a 
pharmaceutically acceptable carrier. 

16. A composition for inhibiting the aggregation of blood 
platelets in a mammal, comprising a compound of Claim 4 and a 
pharmaceutically acceptable carrier. 
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17. A composition for preventing thrombus or embolus 
formation in a mammal, comprising a compound of Claim 4 and a 
pharmaceutically acceptable carrier. 

^ 1 8. A composition for treating thrombus or embolus 

formation in a mammal, comprising a compound of Claim 4 and a 
pharmaceutically acceptable carrier. 

19. A method for inhibiting the binding of fibrinogen to 
^° blood platelets in a mammal, comprising administering to the mammal a 

composition of Claim 15. 

20. A method for inhibiting the aggregation of blood 
platelets in a mammal, comprising administering to the mammal the 
composition of Claim 16. 

21. A method for preventing thrombus or embolus 
foraiarion in a mammal, comprising administering to the mammal the 

composition of Claim 17. 
20 ^ 

22. A method for treating thrombus or embolus foraiarion 
in a mammal, comprising administering to the mammal the composition 
of Claim 18. 
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